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INTRODUCTION 

As p a r t  o f  t h e  t r a n s i t i o n  from f reshwater  t o  t h e  mar ine environment, sockeye 
salmon smoTt (Oncorhynchus nerka)  emigrate f rom t h e  Lake I 1  iamna-Lake C la r k  
system d u r i n g  t h e  months o f  May and June. Stud ies aimed a t  de te rmin ing  t h e  
age compos i t ion  and r e l a t i v e  magnitude of  t h i s  o u t m i g r a t i o n  have been conducted 
annua l l y  s i n c e  1955. I n f o r m a t i o n  on smo l t  p roduc t i on  i s  i n  t u r n  used f o r  f o r e -  
c a s t i n g  t h e  age compos i t ion  and magnitude o f  subsequent a d u l t  r e t u r n s .  P r i o r  t o  
1973, t h e  goal  o f  t h e  program was t h e  de te rm ina t i on  o f  an index  o f  t h e  outmigra-  
t i o n  on l y .  A l though t h e  index  program has p rov ided  i n f o r m a t i o n  on t h e  dynamics 
o f  t h e  smo l t  popu la t i on ,  i t s  r e l i a b i l i t y  as a  f o r e c a s t  t o o l  has been v a r i a b l e .  
Commencing i n  1965, a t tempts  were made t o  improve t h e  index and t o  develop a  
sampl ing method t h a t  would p rov ide  a  t o t a l  ou tm ig ra t i on  es t imate .  Dur ing  1969, 
exper iments were conducted u t i l i z i n g  underwater sonar equipment i n  t h e  b e l i e f  
t h a t  a  t o t a l  o u t m i g r a t i o n  es t ima te  cou ld  be ob ta ined  (Parker,  1973b). Sonar was 
aga in  used d u r i n g  t h e  1970 f i e l d  season (Russel 1  , 1972). Improvements i n  t h e  
gear were made f o r  use i n  1971 and 1972 (Paul us and McCurdy, 1972; Parker,  1973a). 
A new sonar s i t e  was se lec ted  f o r  t h e  1973 season and t he  program has remained i n  
t h i s  l o c a t i o n  through 1975 (Parker ,  1973b). 

Opera t ion  o f  t h e  o r i g i n a l  index  program has con t inued  a l t hough  improvements 
have been made, i n c l u d i n g  t h e  use o f  a  more modern sonar a p e r t u r e  counter .  I t  i s  
b e l i e v e d  t h a t  e v e n t u a l l y  a  r e l a t i o n s h i p  can be es tab l i shed  between t he  index  and 
t he  t o t a l  o u t m i g r a t i o n  es t ima te  t h a t  w i l l  pe rm i t  a n a l y s i s  o f  h i s t o r i c a l  index  
da ta  t o  o b t a i n  t o t a l  o u t m i g r a t i o n  es t imates  f rom p a s t  years  da ta .  I n d i c a t i o n s  
from t h e  p a s t  few years  show t h a t  t h e r e  i s  a  p o s i t i v e  c o r r e l a t i o n  between t h e  
index and t he  t o t a l  o u t m i g r a t i o n  es t imates .  

I n  t h i s  r e p o r t ,  Age I and Age I 1  a r e  de f i ned  as smo l t  t h a t  have spent  1  and 
2  w i n t e r s ,  r e s p e c t i v e l y ,  i n  f reshwater  p r i o r  t o  em ig ra t i on .  

1975 INDEX PROGRAM 

M a t e r i a l s  and Methods 

Except f o r  some modern iza t ion  o f  t h e  gear, t h e  index program has remained 
v i r t u a l l y  unchanged s i nce  t he  s tud ies  began i n  t he  midd le  1950 's .  A  4 '  x  4 '  f y k e  
n e t  i s  f i s h e d  i n  a  s tandard l o c a t i o n  and a t  a  water  depth o f  3.8 f e e t .  The s i t e  
i s  l o c a t e d  approx imate ly  2-112 m i l e s  downstream f rom the  o u t l e t  o f  Lake I l i amna .  

Recent improvements i n  t he  gear have i nc l uded  t he  replacement o f  ou tda ted  
and u n r e l i a b l e  p h o t o e l e c t r i c  coun te rs  w i t h  a  modern sonar ape r tu re  coun te r .  A 
r e f i n e d  v e r s i o n  o f  t h i s  gear has been i n  use s i n c e  1973. B r i e f l y ,  t he  system 



cons is ts  o f  two sets o f  h o r i z o n t a l l y  opposed transducers scanning the  4" x  18" 
aper tu re  on the  downstream end o f  a  funnel attached t o  the  fyke  net .  The 18' 
beam angle t h a t  the transducers emi t  prov ides a  combined coverage o f  approxi -  
mately 20% of the aper ture.  Advantages o f  t h i s  equipment over the o lde r  type 
and methods o f  opera t ion  are  out1 i ned i n  Parker ( 1  973b) . 

When cond i t i ons  allowed, c a l i b r a t i o n s  o f  the equipment were conducted t o  
determine whether t he  counters were f u n c t i o n i n g  w i t h i n  acceptable l i m i t s  o f  the  
t h e o r e t i c a l  f i v e  f i s h  per count l e v e l .  The average o f  these c a l i b r a t i o n s  was 
used t o  expand the  aper tu re  counts t o  est imate the  number o f  f i s h  passing through 
the fyke  ne t .  Ca l i  b r a t i o n  procedures a re  described i n  Krasnowski (1975). 
Catches from the  fyke  n e t  were sampled t o  determine mean lengths and weights and 
age composit ion o f  the  outmigrat ion.  When catches were small data was c o l l e c t e d  
from a l l  smol t. As catch s izes  increased, 2  pound sub-samples were taken. Based 
on the s t r u c t u r e  o f  the  l eng th  frequency, 20 smolt  were se lec ted  f o r  age, weight 
and l eng th  (AWL) data and determinat ion o f  an age separat ion po in t .  F ina l  age 
composit ion was ca l cu la ted  by we igh t ing  d a i l y  age composit ion est imates by the  
index n e t  ca tch  r a t e  ( f i s h  per  hour).  

Results 

C l ima to log i ca l  and Hydrological  Observations 

C l ima to log i ca l  and hydro log ica l  i n fo rma t ion  was recorded a t  the  Barge I s l a n d  
f i e l d  s t a t i o n  from May 17 through June 15 (Table 1  ) .  Both a i r  and water temper- 
atures were considerably below t h a t  o f  the  prev ious 2 years f o r  the  same per iod.  
From May 18 through June 12, water temperatures i n  the  r i v e r  ranged from 2' C. 
t o  6.5' C. w i t h  a mean o f  3.9" C .  During 13 o f  the  27 days when a i r  temperatures 
were recorded, minimum readings f e l l  below the f reez ing  mark and a  snowfal l  of 
over 2  inches i n  depth was received as l a t e  as May 22. Complete breakup o f  the  
lake  i c e  d i d n ' t  occur u n t i l  June 2. I c e  was encountered on the  r i v e r  i n  va r i ed  
amounts almost cont inuous ly  a f t e r  May 24. High winds p reva i l ed  du r ing  the l a s t  
week o f  May and con t r i bu ted  t o  the  eventual breakup o f  the l a k e  i c e  e a r l y  i n  
June. 

Index Catch 

F ish ing  commenced on the  evening o f  May 26. F i sh ing  was conducted du r ing  
the index hours from 2200 t o  0100 (AST) each n i g h t  du r ing  the  e a r l y  p a r t  o f  the  
season. High winds and i n t e r m i t t e n t  i c e  f l o w  caused some loss  o f  f i s h i n g  t ime 
dur ing  the  l a s t  week of May. No f i s h  were caught u n t i l  the evening o f  May 29 - 
30 when th ree  smol t  were caught du r ing  index hours (Table 2 ) .  

The 24-hour index commenced the  f o l l o w i n g  day and was scheduled f o r  every 
t h i r d  day through the  du ra t i on  o f  the  outmigrat ion.  I c e  cond i t ions  worsened, 
becoming almost continuous a f t e r  June 1. The i c e  no t  on ly  made s e t t i n g  o f  the 
ne t  impossible, b u t  t r a v e l  on the r i v e r  became hazardous. Consequently, f i s h i n g  
was conducted any t ime o f  the  day when cond i t ions  allowed. During the ensuing 5  
days l ess  than 18 hours o f  t o t a l  f i s h i n g  t ime was logged. A f t e r  June 1 a  t o t a l  of 
16 hours o f  f i s h i n g  was poss ib le  dur ing  the index hours (35% o f  the  t o t a l  index 
hours avai  1  ab le )  . 

I c e  began easing up on June 4 and permi t ted  4 hours o f  f i s h i n g .  A 4,000 
smolt  catch dur ing  t h i s  t ime ind i ca ted  a  s i g n i f i c a n t  ou tmigra t ion  was i n  progress. 



Table 1 .  C l i m a t o l o g i c a l  observat ions,  Kvichak River ,  May 17-June 15, 1975. 

Wind A i r  Temo water Tema . , 
Sky D i  rec t ion-Ve l  o c i  t y  (MPH) "C " C 24-Hour Water Level ( f t  . ) u ~ u r b i  d i  t y  

Date 0800 2000 0800 2000 Max Min Max Flin P r e c i p i t a t i o n  ( inches)  0800 0800 

calm 
SW20 
NElO 
N E l O  

S25 
S 5 

S10 
NE15 
NE25 
NE25 
NE20 
N E l O  
calm 
NElO 
NElO 
ca 1 m 
calm 

NE5 
SW15 

NE5 
S 5 

NE15 
N E 5 

NElO 
NElO 
NE15 

N10 
- 
- 
- 

calm - 
SW20 - 
NE15 4.0 
NElO 11.0 
SW15 11.5 
SW15 5.0 
NE25 9.5 
NE25 5.0 
NE25 9.0 
NE20 10.0 
NElO 8.5 

NE5 14.0 
SE5 11.5 

NE15 11.5 
- 11.0 

calm 8.0 
N10 18.5 

NElO 15.5 
SWlO 11.0 

N5 13.0 
N5 14.5 
E5 14.0 

NE15 11.5 
N E l O  11.0 
NElO 15.5 
N E l O  16.0 

E l 5  - 
- - 
- - 
- - 

0 
T 
T (snow) 
0 
T (snow) 

0.13 (snow) 
0 

0.10 
0 
0 
0 

0.08 
.22 

0 
0.10 

.03 
0 
0 

0.38 
0.02 

0 
0 
T 
T 
0 
0 
0 
0 
0 
0 

1/ Denote water l e v e l  above t h a t  o f  base l e v e l  on 5/21; - 
Sky codes; 1-Clear sky, c loud cover ing n o t  more than 1/10. T u r b i d i t y ;  1-Clear 

2-Cloud cover ing  n o t  more than 112 o f  sky. 
3-Cloud cover ing more than 112 o f  sky. 
4-Complete overcast .  ' 



Table 2. Kvichak R ive r  index s i t e  ac tua l  f i s h i n g  t ime, 'catches, and est imated age composit ion of sockeye 
salmon smol t by day, 1975. 

Index Hours Non-Index Hours 
(2200-01 00) (1 200-2200 & 01 00-1 200) To ta l  Age Composit ion 

Date Time Catch Time '/ Catch Time 1/ Catch Age I Age I 1  

11 Hours a c t u a l l y  f i shed .  - 
/ Age composit ion weighted by d a i l y  ca tch  ra te lhou r .  



Catches d u r i n g  t he  ensuing 2 days were of  peak magnitude. However, f i s h i n g  
was so i n t e r m i t t e n t  t h a t  i n t e r p o l a t i o n s  f o r  missed per iods  were d i f f i c u l t  t o  
make. On June 6, 75% o f  t h e  a v a i l a b l e  t ime  was f i shed  and a  l i n e a r  i n t e r p o l a t i o n  
f o r  missed f i s h i n g  t ime i n d i c a t e s  a  d a i l y  index i n  excess o f  202,000. Th is  com- 
pares w i t h  t h e  peak index day o f  183,000 i n  1973. I t  was apparent f rom catches 
on bo th  days t h a t  a  s i g n i f i c a n t  p a r t  o f  t h e  ou tm ig ra t i on  was o c c u r r i n g  o u t s i d e  
o f  t he  index hours.  By t h i s  t ime, t h e r e  had occurred a  s h i f t  t o  an approx imate ly  
equal p r o p o r t i o n  o f  bo th  Age I and Age I 1  smol t  compared t o  t h a t  o f  catches o f  a  
few days e a r l i e r .  

I c e  f l o w  aga in  increased on June 6, and v i r t u a l l y  prevented f i s h i n g  o f  t h e  
f yke  n e t  through June 11. Three days of i c e  f r e e  c o n d i t i o n s  p e r m i t t e d  f i s h i n g  
f rom June 12 through 15, b u t  t he  b u l k  of t h e  ou tm ig ra t i on  was over  and a v a i l a b l e  
personnel had t o  be t r a n s f e r r e d  t o  o t h e r  programs. F i sh ing  was te rmina ted  on 
t h e  morning o f  June 15 when 449 f i s h  were caught du r i ng  3  index hours. 

The c o n t i n u a l  t h r e a t  o f  i c e  a l s o  prec luded t he  use o f  t he  ape r tu re  coun te r  
except  d u r i n g  comple te ly  i c e  f r e e  pe r i ods .  Several  c a l i b r a t i o n s  d u r i n g  June 5 
through June 7 i n d i c a t e d  t h e  u n i t  was ope ra t i ng  p r o p e r l y  (Tab le  3 ) .  C a l i b r a t i o n s  
ranged f rom 3.7 t o  7.8 w i t h  an average o f  5.8 f i s h  pe r  count.  

Table 3. Sonar ape r tu re  coun te r  c a l i b r a t i o n s ,  Kvichak R i v e r  index,  1975. 

Sonar Weight o f  F i sh  pe r  To ta l  Elapsed Rate F i s h  p e r  
Date counts ca t ch  ( l b )  pound ca tch  t ime  (min) ( f i s h / m i n )  count  

Age-Weight-Length 

A t o t a l  o f  13 l e n g t h  f requencies were taken du r i ng  the  season i n  a d d i t i o n  t o  
18 AWL'S and a  t o t a l  o f  281 sca les were c o l l - c t e d  f o r  age de te rmina t ion .  S ince 
sampl ing was d iscon t inuous  throughout  t h e  season, age, we igh t  and l e n g t h  da ta  may 
n o t  a c c u r a t e l y  r e f l e c t  t he  a c t u a l  c h a r a c t e r i s t i c s  o f  the  ou tm ig ra t i on .  

The es t imated  age composi t ion was 63% Age I and 37Oi Age I 1  smol t .  The mean 
we igh t  by age c l ass ,  u s i n g  a  leng th -we igh t  r eg ress ion  formula ( w = ~ L ~ )  and a  cor rec -  



t i o n  t e r n  based on t he  var iance  o f  t h e  mean l e n g t h  (P ienaar  and R icker ,  1968), 
y i e l d e d  a mean we igh t  o f  8.4 g. f o r  Age I smol t  (21-year average = 6.0 g.)  and 
16.4 g. f o r  Age I I smol t (21 -year  average = 11.1 g. ) . The mean l e n g t h  by age 
c l a s s  f o r  t h e  season was 97.7 mm f o r  Age I smol t and 121.9 rnm f o r  Age I I smol t. 
These compare w i t h  a 21-year average of 88 m i  11 imete rs  and 109 m i  11 imete rs  f o r  
Age I and Age I1 smol t ,  r e s p e c t i v e l y .  

OUTMIGRATION PROGRAM 

M a t e r i a l s  and Methods 

Procedures remained v i r t u a l l y  unchanged from t h a t  of t h e  p rev ious  2 years .  
The system u t i l i z e s  two Bendix biomass coun t i ng  u n i t s  l o c a t e d  approx imate ly  113 
m i l e  above t he  index s i t e .  Each u n i t  c o n s i s t s  o f  two t ransducer  a r rays  sus- 
pended f rom a suppor t  cab le  t h a t  spans t h e  e n t i r e  w i d t h  o f  t h e  r i v e r .  Cables 
f rom t h e  i n d i v i d u a l  t ransducers were connected t o  two e l e c t r o n i c  c o n t r o l  u n i t s  
which were mon i to red  f rom oppos i te  s i des  o f  t h e  r i v e r .  The 1972 model e l e c t r o n -  
i c s  were operated f rom t h e  west bank and t he  1971 model f rom t h e  eas t  bank. 

Smolt  pass ing over  t h e  sonar gear r e g i s t e r  counts on t h e  c o n t r o l  u n i t s .  
Every 15 minutes counts a r e  e l e c t r o n i c a l l y  t o t a l e d  and recorded on paper tape. 
Counts a r e  logged on a cont inuous 24-hour a day bas i s  a long  w i t h  a p p r o p r i a t e  
adjustments f o r  " f a l s e "  counts caused by boats ,  r a i n ,  i c e ,  wind, m a l f u n c t i o n i n g  
t ransducers,  e t c .  T o t a l  counts a r e  then  m u l t i p l i e d  by t h e  t h e o r e t i c a l  10 f i s h  
per  count  t o  conve r t  them i n t o  numbers o f  smo l t .  The number o f  smo l t  p e r  f o o t  
o f  a r r a y  f o r  each a r r a y  i s  c a l c u l a t e d  and expanded f o r  t he  amount o f  u n s o n i f i e d  
r i v e r  t h a t  each a r r a y  i s  sampling. A d d i t i o n a l  i n f o r m a t i o n  rega rd ing  coun t  
expansion techniques can be found i n  Parker  (1973a).  No s a t i s f a c t o r y  techn ique  . 
f o r  f i e l d  c a l i b r a t i o n  o f  t he  sonar has been developed thus f a r ,  so t h e  t h e o r e t -  
i c a l  10 f i s h  per  count  was used f o r  t h e  expansion o f  counts.  

A p ro to type ,  narrow beam s ide-scanning sonar was t e s t e d  on t h e  Kvichak 
R i ve r  i n  1974 and was f e l t  t o  have p o t e n t i a l  f o r  b e t t e r  d e s c r i b i n g  t he  d i s t r i -  
bu t i on ,  s i ze ,  and r a t e  o f  t r a v e l  o f  smo l t  schools pass ing  down t h e  r i v e r .  A 
r e f i n e d  v e r s i o n  o f  t he  s i d e  scanner was used i n  1975 t h a t  had a paper r e c o r d i n g  
c a p a b i l i t y  and a v a r i a b l e  range f e a t u r e  t h a t  p e r m i t t e d  t he  expansion of any 
des i r ed  p o r t i o n  o f  t h e  r i v e r  covered by t h e  sonar beam. 

Resu l ts  

Sonar Sampl ing 

Sonar equipment was i n s t a l l e d  by May 20, and m o n i t o r i n g  o f  t he  system began 
on the  f o l l o w i n g  day. The abnormal ly l a t e  breakup o f  i c e  on t h e  l a k e  and gener- 
a l l y  inc lement  weather d u r i n g  t h e  program made ope ra t i on  o f  t h e  sonar p r a c t i c a l l y  
imposs ib le .  The system had t o  be shu t  down e n t i r e l y  d u r i n g  extended per iods  o f  
heavy i c e ,  h i gh  winds, snow showers, and r a i n .  Heavy i c e  moving down t h e  r i v e r  
p u l l e d  o u t  t he  a r r a y  suppor t  cab le  and caused ex tens i ve  damage t o  t he  system.on 
June 2. Two complete a r rays  were salvaged from what remained and were r e i n s t a l l e d  
on June 5, a f t e r  i c e  c o n d i t i o n s  on t he  r i v e r  improved. E s s e n t i a l l y  no i c e  was 
p resen t  on t h e  r i v e r  through t he  24-hour p e r i o d  f rom noon June 5 through noon 
June 6, p roduc ing  t he  most i d e a l  c o n d i t i o n s  encountered a l l  season f o r  o p e r a t i o n  



o f  t h e  sonar equipment. A  peak magnitude o u t m i g r a t i o n  was i n  progress a t  
t h i s  t ime  and t h e  l a r g e s t  smol t  counts were recorded d u r i n g  t h i s  s h o r t  per iod .  
Th i s  was conf i rmed by t h e  heavy catches a t  t h e  index  n e t  downstream d u r i n g  t h e  
same day. The c a b l e  and assoc ia ted  sonar gear was aga in  r i p p e d  by i c e  o u t  on 
t he  a f t e rnoon  of June 7. Ex tens ive  damage t o  t he  equipment and c o n t i n u a l  i c e  
p rec luded  f u r t h e r  a t tempts a t  deployment o f  t he  sonar system be fo re  t h e  end of 
t h e  ou tm ig ra t i on .  

Ad jus ted  counts f o r  May 21-23 a r e  n o t  c o n s i s t e n t  w i t h  counts d u r i n g  subse- 
quent  days and a re  n o t  supported byany  index  catches downr iver .  Since undeter-  
mined f a l s e  coun t i ng  c o n d i t i o n s  were suspected d u r i n g  t h i s  per iod ,  t he  use o f  
these counts  i n  e s t i m a t i n g  smo l t  o u t m i g r a t i o n  i s  ques t ionab le .  Sonar counts 
were a t  a  r e l a t i v e l y  low l e v e l  d u r i n g  t h e  p e r i o d  May 24-29. Low magnitude ou t -  
m i g r a t i o n  o c c u r r i n g  a long  w i t h  poor coun t i ng  c o n d i t i o n s  made e l i m i n a t i o n  o f  
f a l s e  counts d i f f i c u l t .  The expansion o f  t h e  ad jus ted  counts f o r  t h i s  p e r i o d  
y i e l d e d  approx imate ly  3  m i l l i o n  smol t .  However, t h i s  es t ima te  i s  o f  d o u b t f u l  
va lue.  

The ad jus ted  counts  f o r  June 5  through 7  had t o  be expanded f o r  two m iss ing  
a r rays .  The r e l a t i v e  p r o p o r t i o n  o f  t h e  ou tm ig ra t i ons  i n  1973 and 1974 t h a t  occur red  
over  each a r r a y  was used t o  expand t h e  1975 data.  The peak magnitude o u t m i g r a t i o n  
o c c u r r i n g  June 5-6, was conf i rmed by t h e  season's l a r g e s t  index  catches. 

Because o f  t h e  i n t e r m i t t e n t  ope ra t i on  o f  t he  sonar gear, no i n t e r p o l a t i o n s  
were made f o r  missed coun t i ng  t ime and no es t ima te  o f  t o t a l  o u t m i g r a t i o n  i s  
poss ib l e .  Table 4  l i s t s  t he  hours o f  ope ra t i on ,  number o f  counts  and outmigra-  
t i o n  es t imates  f o r  those per iods  when t h e  sonar gear was o p e r a t i o n a l .  

App ly ing  average smol t p roduc t i on  f i g u r e s  ( i ndex  smol t p e r  spawner), by age 
c l ass ,  t o  t h e  pa ren t  year  escapements which would produce t h e  1975 o u t m i g r a t i o n  
(1 .0  m i l l i o n  i n  1972 and 0.2 m i l l i o n  i n  1973) would y i e l d  a  cumula t i ve  index o f  
300,000 smo l t  and an es t imated  age composi t ion o f  8:; Age I and 92% Age I 1  smol t .  
S i m i l a r l y ,  u s i n g  t he  4 yea rs '  sonar da ta  t h a t  i s  a v a i l a b l e  (ou tmig ran ts  p e r  
spawner, by age c l a s s )  would y i e l d  an o u t m i g r a t i o n  o f  approx imate ly  10.5 m i  1  l i o n  
smo l t  o f  which 10% would be Age I and 90% Age 11. The d i f f i c u l t i e s  encountered 
t h i s  season p rec lude  d i r e c t  comparison o f  est imates based on h i s t o r i c a l  da ta  t o  
a c t u a l  1975 observa t ions .  However, i n  t h e  l i m i t e d  t ime  a v a i l a b l e  f o r  index n e t  
ope ra t i on ,  more than  190 thousand smo l t  were captured.  D iscoun t ing  a l l  sonar 
counts p r i o r  t o  May 29 due t o  quest ions o f  v a l i d i t y  s t i l l  leaves 15.6 m i l l i o n  
smo l t  counted d u r i n g  t h e  l i m i t e d  ope ra t i ons  f rom May 30 through June 7. A l though 
sampl ing o f  smol t was, o f  necess i t y ,  1  im i t ed ,  t he  observed age composi t ion was 
q u i t e  d i f f e r e n t  from t h a t  expected on t h e  bas i s  o f  h i s t o r i c a l  da ta .  These f a c t s  
suggests t h a t  t h e  p roduc t i on  f rom t h e  1973 escapement was w e l l  above average. 



Table 4. Kvichak R i v e r  sonar counts w i t h  es t imates  o f  smo l t  o u t m i g r a t i o n  d u r i n g  pe r i ods  o f  opera t ion ,  by  
day, 1 9 7 5 . y  

Hours o f  East Bank Counts 
Date Opera t ion  Inshore  O f f  shore 

West Bank Counts T o t a l  Sonar Smolt Ou tm ig ra t i on  
Inshore  O f f sho re  ~ o u n  t sg /  E s t i m a t e 3  

To ta l  246 105,543 195,423 170,722 179,266 273,037 15,632,531 

1/ Counts i n c l u d e  expansions f o r  non - func t i on ing  t ransducers and water  v e l o c i t y  d i f f e r e n c e s  b u t  no i n t e r -  - 
p o l a t i o n s  f o r  missed t ime.  Est imates o f  o u t m i g r a t i n g  smo l t  i n c l u d e  expansions f o r  u n s o n i f i e d  areas 
between a r ray .  

21  V a l i d i t y  o f  counts  f o r  5121-5/29 i s  ques t ionab le .  Numbers i n  b racke t s  a r e  n o t  i n c l u d e d  i n  t o t a l s .  - 

3/ O f f sho re  a r r a y s  operat ional ,  Inshore  counts es t imated  on t he  bas i s  o f  o f f s h o r e  counts  and h i s t o r i c a l  data.  
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1975 NAKNEK RIVER SOCKEYE SALMON SMOLT STUDIES 

Donald L .  B i l l  
A1 aska Department o f  F i s h  and Game 

D i v i s i o n  o f  Commercial F i s h e r i e s  
P .  0. Box 37 

K ing  Salmon, Alaska 99613 

INTRODUCTION 

Th i s  was t he  t w e n t i e t h  year  t h a t  t he  Naknek R i v e r  sockeye salmon 
(Oncorhynchus nerka)  smol t s tudy  has been conducted. The o b j e c t i v e  o f  
t h i s  program i s  t o  o b t a i n  an es t ima te  o f  t h e  s i z e  and age composi t ion 
o f  t h e  sockeye salmon smol t  o u t m i g r a t i o n  i n  t he  Naknek R i ve r .  

MATERIALS AND METHODS 

The m a t e r i a l s  and methods f o r  da ta  c o l l e c t i o n  and a n a l y s i s  o f  age 
composit ion, l eng ths  and weight,  and genera l  environmental  da ta  were t h e  
same as i n  p rev ious  years  (McCurdy , 1972, 1973, 1974). 

RESULTS 

Tab le  1  con ta ins  a l l  mean wate r  and a i r  temperature da ta  gathered 
d u r i n g  t h e  ou tm ig ra t i on .  

The random schedule was i n i t i a t e d  on May 28 and t e rm ina ted  on J u l y  
9. The t o t a l  random ca tch  was 60,233 (Tab le  2 )  Seventy- three pe rcen t  o f  
t h e  ca t ch  occur red  between June 6  and June 13. Several  m inor  peaks occur red  
throuahout  t he  season. A t o t a l  o f  126,678 smo l t  were caught d u r i n g  t he  
index  p o r t i o n  o f  t h e  program (Tab le  3) Dur ing t he  random sampl ing hours,  
2100-0600, t he  index  n e t  caught 41.08 percen t  o f  t h e  t o t a l  24-hour ca tch .  

The o u t m i g r a t i o n  es t ima te  f o r  1975 was 9,188,154 smol t. The es t ima te  
was ob ta ined  as f o l l o w s :  

1. C a l c u l a t e  t h e  seasonal average random ca tch  p e r  90 minu te  s e t :  

To ta l  season ca tch  = 60,233 
50.  o f  s i t e s  f i s h e d  = 6 

?lo. o f  sampl ing days f i s h e d  d u r i n g  t he  season = 28 

There fo re ,  t h e  seasonal average ca t ch  per  90 minute s e t  i s  d e r i v e d  by 
60,233 / ( 6 )  (28)  = 359 



Table  1. llean water and a i r  temperatures by day, Naknek River, 1 9 7 5 . y  

Mean water Mean a i  r 
Date- - temperatures O F  temperatures O F  

May 28-29 39.0 40.0 

29-30 40.2 39.0 

31-June 1 40.3 41 .O 

1-2 44.5 38.5 

3-4 43.8 41 . O  

I /  Both water and a i r  temperatures were recorded f o r  each 90-minute - 
f i s h i n g  period. 



Table  2 .  Llaknek River  random sampling c a t c h e s  o f  sockeye salmon srnolt by f i s h i n g  s i t e ,  1975. 

S i t e s  Percentage o f  
Date 1 2 3 4 5 6 Tota l  t o t a l  c a t c h  

May 28-29 
29- 30 
31-June 1 

1-2 
3-4 

.4 -5  
6-7 
7-8 
9-1 0 

10-1 1 
12-1 3 
13-14 
15-1 6 
16-1 7 
18-1 9 
19-20 
21 -22 
22-23 
24-25 
25-26 
27-28 
28-29 
30-July  1 

1-2 
3-4 
5 -6 
7-8 
8-9 

Tota l  

P e r c e n t  
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2 .  Estimate the averaqe miqration past the sam~led section of the 
r iver  during a 90 minute period within a sampling period. 

Average catch per 90-minute period = 359 
No. s i t e s  fished = 6 
No. of subsites for  which the migration i s  estimated 

from the catch a t  each fishinq s i t e  = 6 

Therefore the estimated average migration past the sampled section 
of the r iver  during a 90-minute period within a samplinq period i s  
de r i  ved by 

(359) (6) (6) = 12,924 

3. Fstimate the average migration past the sampled section of the r iver  
per sampling period. 

No. of 90-minute periods within a sampling period = 6 

Therefore, the estimated average misration past the sampled section 
of the r iver  per sampling period i s  derived by: 

4. Estimate the averaqe miaration oast the en t i re  width of the r iver  
a t  the sampling location per sampling period. 

Estimated proportion of miaration occurring within the section of 
the r iver  presently sampled = 88.34 Dercent. 

Therefore, the estimated average miaration past the en t i re  width of 
the r iver  a t  the sampling location per sampling period i s  derived by: 

5 .  Estimate the average daily miqration past the sampling location. 

Estimate proportion of daily migration occurrinq during the sampling 
period derived by adding the percentages of the total  season's 
index net catch for the hours 2100-0600 = 41.08 percent. 

Therefore the estimated average daily outmigration past the sampling 
location i s  derived by: 

6 .  Estimate the total  seasonal misration past the samplina location. 

Yo. of days fished = 43 

Therefore the estimated total  seasonal migration past the sampl ina 
location i s  derived by: 



The age composition o f  t h e  outmigrat ion e s t ima te  was 48.04 pe rcen t  
Ace I smol t (4,413,989), 51.92 percent  Aqe I1 smol t (4,770,490) and 0.04 
pe rcen t  Age 111 srn0lt (3 ,675) .  Table  4 g ives  t h e  age composition by d a t e .  

A t o t a l  o f  1,037 smol t were sampled t o  determine l eng ths  and weights  
by age c l a s s  (Tab1 e 5 and 6 ) .  Age I smol t averaged 97.5 m i n  1 ength 
(20-year  average = 101 mm) and 8 . 3  Q. i n  weight  (20-year average = 9.4  g . ) .  
Age I I smol t averaged 11 0 .7  mm in  length  (20-year average = 11 3 mm) and 
12.1 g. i n  weight (20-year average = 12.6 g . ) .  



Tab:le 4.  Age composi t ion o f  t he  random sampl ing catches o f  sockeye salmon smol t ,  
by date,  Naknek R i ve r ,  1975. 

Random Percent  Number 
Date Catch Age I Age I 1  Age I11 Age I Age I 1  Age I 1 1  

May 28-29 56 9.5 90.5 0.0 5 5 1  0 

29-30 8 14.3 85.7 0.0 1 7 0 

8-9 46 65 .0  35.0 0.0 30 1 6  0 

To ta l  60,233 28,937 31,273 2 3 

Percent  48.04 51.92 0.04 
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1975 UGASHIK R I V E R  SOCKEYE SALMON SMOLT STUDIES 

Gary H. Sanders 
Alaska Department o f  F i sh  and Game 

D i v i s i o n  o f  Commercial F isher ies  
King Salmon, Alaska 

INTRODUCTION 

I n  1955, ' the U.S. Bureau o f  Commercial F isher ies  i n i t i a t e d  a program o f  
enumeration and sampl i n g  sockeye salmon (Oncorhynchus nerka) smol t a t  the  o u t l e t  
o f  t he  Ugashik Lakes system, B r i s t o l  Bay. This  program was cont inued i n  1956 
and 1957 by the  F i she r ies  Research I n s t i t u t e  o f  t h e  U n i v e r s i t y  o f  Washington. 
During t h i s  t ime, the  pr imary purpose o f  the  study was t o  p rov ide  an annual e s t i -  
mate o f  r e l a t i v e  abundance o f  smol t  m i g r a t i n g  t o  sea by f i s h i n g  an index sampling 
scheme us ing  winged fyke  nets. The U.S. Bureau o f  Commercial F i she r ies  acqui red 
the  Ugashi k smol t program i n  1958 and cont inued the  s tud ies  through 1962. The 
sampling method was modi f ied  i n  1958 by adding a random sampling scheme which 
prov ided a means o f  es t ima t ing  the  t o t a l  smol t  ou tmigra t ion  (Nelson, 1965; 
Nelson and Jaenicke, 1965). 

The Alaska Department o f  F ish  and Game assumed r e s p o n s i b i l i t y  f o r  t h e  
. Ugashik smol t  p r o j e c t  i n  1963 and has r u n  i t  annual ly  s ince  then, except 1966 

and 1971. The sample s i t e  has been changed s l i g h t l y  and some recen t  mod i f i ca-  
t i o n s  have been made i n  the  sampling methods (Schroeder, 1972 and Schroeder, 
1974). I n  1974, t he  random scheme was d iscont inued and on ly  the  index sampling 
scheme was run.  The smolt  sampling s i t e  was moved 280 f e e t  upstream i n  1974 
(Schroeder, 1975). 

The data obta ined from t h i s  program have been used t o  est imate the  t o t a l  
sockeye salmon smolt  ou tmigra t ion  from the  Ugashik Lakes, and t o  determine age 
composit ion, average lengths and weights. These data are  used t o  est imate the  
optimum escapement ranges and t o  fo recas t  numbers and age composit ion o f  r e t u r n -  
i n g  adu l t s .  

I n  t h i s  r e p o r t  Age I and Age I1  are  de f ined as smolt  t h a t  have spent one 
and two years, respec t i ve l y ,  i n  f reshwater  p r i o r  t o  emigrat ion.  

MATERIALS AND METHODS 

The 1975 Ugashik smolt  p r o j e c t  was t o  be based on the 3 hour index and 24- 
hour sampl i ng schemes and computation formula as described i n  Schroeder ( 1973). 
I n  a d d i t i o n  t o  the  s i n g l e  f yke  net ,  one 1970 model Bendix sonar smolt  counter 
was placed j u s t  upstream o f  t he  fyke  n e t .  It was hoped t h a t ,  eventua l ly ,  use 
of fyke  nets cou ld  be d iscont inued and t h a t  a t o t a l  ou tmigra t ion  est imate cou ld  
be obta ined on the bas is  o f  sonar counts and the s t a t i s t i c a l  r e l a t i o n s h i p  between 
sonar data and fyke  n e t  catches. De ta i l ed  desc r ip t i ons  of the  1970 sonar u n i t  
can be be found i n  Paulus and Parker (1974). The fyke  n e t  sampling procedure i s  
described i n  Nel son (1  965). 



Bottom p r o f  i 1 es and standard measurements of r i v e r  ve l  o c i  ty and discharge 
were made du r ing  the course o f  the  season, c l  imato log ica l  observat ions were 
made tw ice  d a i l y ,  a t  0800 and 2000 hours, throughout the  season. 

Smol t sampfes were c o l l e c t e d  from fyke n e t  catches f o r  determinat ion o f  
mean weight, l eng th  and age composit ion of t he  ou tmigra t ion .  

RESULTS 

Cl imatology and Hydrology 

C l imato log ica l  observat ions were taken from May 19 through June 13 and are  
shown i n  Table 1. The bottom contour measured a t  the  index s i t e  i s  shown i n  
F igure 1 .  Water v e l o c i t y  a t  the  smolt  s i t e  was 7.4 feet/second and discharge 
was 5,956 cub ic  feet/second. Both measurements were considerably h igher  than 
s i m i l a r  measurements recorded i n  1974 (4 .4  f t . / sec .  and 1,789 cu. f t . / sec . )  and 
1973 (5.7 f t . / sec .  and 3,464 cu. f t . / sec . ) .  I n  add i t i on ,  the  increased depth 
made opera t ion  o f  the  seven-foot f yke  n e t  extremely d i f f i c u l t .  The c u r r e n t  gen- 
e ra ted  i n  t he  l i v e  box caused h igh  m o r t a l i t i e s  t o  the  captured smolt .  

Sonar Sampl i n g  

The s i n g l e  sonar a r r a y  mal funct ioned soon a f t e r  i t  was placed i n  t h e  water  
as i n d i c a t e d  by r a p i d  and cont inua l  accumulation o f  counts unsubstant ia ted by 
fyke  n e t  catches. Before the  u n i t  cou ld  be repai red,  i c e  ou t f l ow  from the  l a k e  
broke the  sonar support  cable damaging several  t ransducers. Because o f  t he  con- 
t i n u a l  presence o f  i c e  and the  mechanical ma l func t ion  o f  the  counter,  the  gear 
was no t  r e - i n s t a l l e d  du r ing  the  season. 

Fyke Net Sampling 

The index program began on May 22, b u t  was c u r t a i l e d  a f t e r  1-1/2 hours of 
f i s h i n g  due t o  heavy i c e  f lows from the  lake .  These cond i t i ons  pe rs i s ted  through 
June 3. F ish ing  was resumed on June 4, and cont inued through June 14. 

The season's t o t a l  catch f o r  the  3-hour index scheme was 18,235 smolt .  I n  
add i t i on ,  3,379 smol t  were captured dur ing  non-index hours o f  the  two 24-hour 
index sampling schemes conducted (Tables 2 and 3 ) .  Due t o  the  extremely 1 i m i  t ed  
t ime du r ing  which sampling was conducted, no est imate has been made o f  the num- 
bers o f  smol t  emigra t ing  from the Ugashik Lakes i n  1975. 

Because o f  t he  discont inuous f yke  n e t  sampling, smolt c o l l e c t e d  f o r  age, 
weight  and l eng th  (AWL) ana lys is  may n o t  accura te ly  represent  the cha rac te r i s -  
t i c s  o f  the  t o t a l  ou tmigra t ion .  Smolt sampled were 25% Age I, 74% Age I 1  and 1% 
Age 111. Mean lengths were 95.8 mm, 115.7 mm and 125.0 mm, r espec t i ve l y .  The 
mean weights f o r  the  th ree  age groups were 7.2 g., 13.0 g. and 16.7 g. Smolt 
sampling data i s  l i s t e d  i n  Table 4. The length  frequency d i s t r i b u t i o n  i s  shown 
i n  F igure  2. 



Table 1. C l i m a t o l o g i c a l  observa t ions ,  Ugashik R iver ,  May 19-June 13, 1975. 

Wind 1 /  24-hour - 
Sky D i r e c t i o n  ~ ~ l o c i t ~ ( m ~ h . )  A i r  Temp. OC. Water Temp. OC. P rec ip .  T u r b i t y  

Date 0800 2000 0800 2000 Max. Min. Max. Min. ( i nches )  0800 

511 9 4 4 E 15 E 20 7.2 0.0 1.1 1.1 - 1 
5/20 4 4 NW 15 Nbl 15 7.2 -2.2 1.1 1.1 .24 1 
5/21 4 2 NW 15 NW 15 6.1 -2.2 1.7 0.8 .05 1, 
5/22 4 4 W 15 Rd 15 7.8 -1 .7 1.1 1.1 .01 1 
5/23 1 1 S 5 S 5 7.8 -2.2 3.3 1.1 T 1 

611 3 3 3 SE 5 SE 5 14.4 3.9 6.1 6.1 0 1 

1/  Wind v e l o c i t i e s  were taken w i t h  a Dwyer wind gauge which i s  i naccu ra te  a t  v e l o c i t i e s  over  10 m.p.h. - 

Sky Codes: 1 = C lear  sky, c l o u d ' c o v e r i n g  n o t  more than  1/10. 2 = Cloud cover ing  n o t  more than  112 o f  sky.  
2 = Cloud cove r i ng  more than 112 o f  sky.  4 = Complete overcas t .  

T u r b i t y  Code: 1 = c l e a r  



Figure.1. Bottom contour a t  smolt s i t e  Uqashik River, 1975. 

5C: 7 Vertical exa!lqeration 

Width i n  f e e t  



Table 2. Ugashi k River  sockeye salmon smol t three-hour  index ca t ch ,  by d a t e  
and hour, 1975. 

Index Hours Total Index Catch 
Date 2200-2300 2300-2400 2400-01 00 Daily Accum. 

Total  s 7,372 6,788 4,075 18,235 18,235 



Table 3. IJgashik River sockeye salmon smol t index ca tch  dur ing  24-hour sampling 
pe r iods ,  1975. 

June June Percent  of 
Time Period 6- 7 10-1 1 To t a  1 Total 

To ta l s  



Tab le  4 .  Age, leng th ,  and weight  o f  sockeye salmon smol t  by d a i l y  sample f rom 
t h e  Ugashik R i ve r ,  1975. 

Mean Length Mean Weight Percent  
(mm) (grams 4ge . . 

Age Group A C J ~  Group Compos i t i  on 
Date I I I I I I I I I 111 I ---- I I I I 1  



Age I 1  

Length i n  m i l l i m e t e r s  

F i g u r e  2 .  Unweighted l e n g t h  f requency o f  sockeye salmon smo l t  
from t h e  Ucashik R i v e r  system, 1975. 
( f requenc ies  smoothed b y  moving averaoes of t h r e e ) .  
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INTRODUCTION 

I n  1951, t he  F i she r ies  Research I n s t i t u t e ,  U n i v e r s i t y  of Washington began a 
program t o  o b t a i n  an annual index o f  abundance o f  t he  sockeye salmon smolt  
ou tmigra t ion  from the  Wood R ive r  lakes  (Burgner and KOO, 1954; Koo, 1956). A 
standard winged fyke n e t  was f i s h e d  on a grave l  shoal a t  Mosquito P o i n t  a t  the 
o u t l e t  o f  Lake Aleknagi k (F igure  1 ), d a i l y  from 2100 t o  2300 hours (Burgner, 
1962). The Alaska Department o f  F i s h  and Game took over opera t ion  o f  t he  pro- 
gram i n  1961 (Church, 1963; Church and Nelson, 1963; Nelson, 1964). I n  1964, 
p e r i o d i c  24-hour i nd i ces  were added t o  t h e  standard 2-hour index (Nelson, 1965). 
On the  bas is  o f  d i s t r i b u t i o n  o f  catches dur ing  the  24-hour ind ices ,  f requent  5- 
hour i n d i c e s  (2200 t o  0200) were added t o  the  sampling schemes i n  1965 (Nelsun, 
1966) and 1966 (Seidelman, 1967). The program was run  i n  con junc t ion  w i t h  a 
marking program being conducted by the  Bureau o f  Commercial F i she r ies  i n  1967 
(Nelson, 1967), 1969 (Biwer, 1972) and 1970 (Schroeder, 1972). The Wood R ive r  
smolt  program provided i n fo rma t ion  on abundance, growth and m i g r a t i o n  t im ing  b u t  
t he  most impor tan t  aspect, t he  s t a t i s t i c a l  r e l a t i o n s h i p  between the  magnitude of 
the  parent  escapement and the  index o f  seaward migrants was found t o  be extremely 
v a r i a b l e  and, there fore ,  o f  l i t t l e  va lue i n  f o recas t i ng  f u t u r e  re tu rns  o f  adu l t s .  

I n  1975, $600,000 appropr ia ted  by the  Alaska L e g i s l a t u r e  was dedicated t o  
begin r e h a b i l i t a t i n g  sockeye salmon product ion  i n  t he  Wood River  Lakes. The 
component p r o j e c t s  i nc lude  i n v e s t i g a t i o n s  o f  methods o f  suppression o f  A r c t i c  
char p reda t i on  on sockeye smolt, pa tho log i ca l  i n v e s t i g a t i o n s  o f  pa ras i t i sm of 
sockeye smol t  by Tr iaeno horus crassus, d i s t r i b u t i o n  and abundance o f  nor thern  
p i k e  (Esox l u c i u s  e the d e f i n i t i v e  hos t  f o r  T. crassus and u t i l i z a t i o n  o f  A r c t i c  
char and p i k e  i n  t he  s p o r t  f i s h e r y .  To adequately evaluate the  management 
op t ions  based on the  r e s u l t s  o f  these p ro jec ts ,  i t  was deemed necessary t o  
determine a t o t a l  ou tmigra t ion  est imate o f  smolt  emigra t ing  from the  Wood R ive r  
system. Est imates o f  consumption o f  smol t  by char cou ld  then be r e l a t e d  t o  the  
magnitude o f  t he  ou tm ig ra t i on  t o  b e t t e r  assess the  impact o f  t h i s  predat ion.  I n  
add i t i on ,  eventual r e t u r n  o f  a d u l t  salmon w i l l  y i e l d  q u a n t i t a t i v e  i n fo rma t ion  on 
smol t  s u r v i v a l  i n  the  marine environment. Th is  would prov ide  data which can be 
used t o  reach general conclus ion regarding the  impact o f  char p redat ion  i n  terms 
o f  l o s s  o f  f u t u r e  spawners and l o s s  t o  the  commercial f i s h e r y .  

Beginning i n  1970, the  Bendix Corporat ion, Electrodynamics D i v i s i o n ,  apply- 
i n g  t h e  technology der ived from development o f  a d u l t  salmon sonar counters, 
produced a smolt  counter  f o r  use i n  a t o t a l  ou tmigra t ion  program on the  Kvichak 
River .  The 1975 Wood River  smolt  program incorpora ted  the  most recent  ve rs ion  
o f  t he  Bendix biomass counters designed by M r .  A1 Menin. 

The s p e c i f i c  ob jec t i ves  o f  the  1975 Wood River  smolt  p r o j e c t  were: 
( 1 )  Obta in a t o t a l  ou tmigra t ion  est imate o f  smol t from the  Wood River  

system us ing  the  new sonar equipment 





( 2 )  Est imate age composit ion, length ,  weight, inc idence o f  pa ras i t i sm 
by - T. crassus and t im ing  of t he  smolt  outmigrat ion.  

MATERIALS AND METHODS 

The 1975 Wood River  smolt  p r o j e c t  u t i l i z e d  the  most r e c e n t l y  developed 
Bendix smol t  sonar system. The system u t i l i z e d  twenty transducers, t en  on 
each o f  t he  two l l - f o o t  arrays.  The ar rays  are  constructed o f  PVC p l a s t i c  p ipe  
i n  a  l a d d e r - l i k e  arrangement s i m i l a r  t o  the  gear used on the  Kvichak and Ugashik 
Rivers except t h a t  a l l  transducers are  aimed upward (Paulus and Parker, 1974). 
The ar rays  are  at tached by a  75 f o o t  l eng th  o f  rope t o  150 pound yachtsman anchors 
secured i n  the r i v e r  bottom. The main r a i l s  o f  t he  a r ray  a re  equipped w i t h  one- 
way valves and hose connectors and can be f looded w i t h  water o r  pumped d r y  t o  
r a i s e  o r  s ink  them. The transducers a r e  connected t o  the e l e c t r o n i c  c o n t r o l  u n i t  
by 350 fee t  o f  cable. 

The sonar e l e c t r o n i c s  con ta in  r e s e t t a b l e  d i g i t a l  t o t a l i z e r s  f o r  each array,  
a  p r i n t e r  which r e g i s t e r s  accumulated counts are  preselected t ime i n t e r v a l s  and 
a  bank o f  twenty 1  ight-emi t t i n g  diodes (LED'S), which correspond t o  s p e c i f i c  
transducers. The e l e c t r o n i c s  conta in  two depth range c o n t r o l s  f o r  each a r ray  
so t h a t  even on a  r e l a t i v e l y  uneven bottom, the  a r ray  can be l eve led  e lec t ron -  
i c a l l y .  A d i sab le  swi tch  on the  panel face a l lows disconnect o f  both the  p r i n t e r  
and d i g i t a l  counters w i thou t  i n t e r u p t i n g  the  t imer .  This enables the  operatoF 
t o  avo id  prolonged f a l s e  counts caused by boat  passage o r  s i m i l a r  d is turbances 
i n  t he  water w i thou t  s h u t t i n g  down the  e n t i r e  system. 

The e l e c t r o n i c  c i r c u i t r y  o f  the  sonar counter i s  designed t o  evaluate the  
echo r e t u r n  rece ived by the  transducers. E lec t ron i c  compensation i s  automati-  
c a l l y  made f o r  reduc t i on  o f  echo s t reng th  due t o  t a r g e t  d is tance.  The e lec t ron -  
i c s  are designed t o  r e g i s t e r  one count f o r  the  biomass equ iva len t  o f  f i v e  smolt .  

The equipment was i n s t a l l e d  i n  the  Wood River  a t  t he  n o r t h  ( l e f t )  bank tower 
s i t e  approximately 1-1/2 m i l es  downstream from Mosquito Po in t .  The inshore a r ray  
was loca ted 50 f e e t  from the  bank and the  o f f sho re  a r r a y  was 110 f e e t  from t h e  
bank. The e l e c t r o n i c s ,  she l te red  i n  a  w a l l  t e n t ,  were manned by a  techn ic ian  a t  
a l l  t imes. The tape output  from the  sonar counter gave cumulat ive counts per  15 
minute per iod .  Adjustments f o r  " f a l s e  counts" due t o  boats, wind, i ce ,  e t c .  and 
missed count ing t imes were made hou r l y  and recorded i n  the  sonar l og .  

Since the  e n t i r e  Wood River  i s  sub jec t  t o  t i d a l  in f luences,  i t  was expected 
t h a t  r i v e r  v e l o c i t y  would f l u c t u a t e  c o n t i n u a l l y  w i t h  the f l o o d  and ebb o f  the  
t i d e .  The e l e c t r o n i c  c o n t r o l  u n i t  was s e t  f o r  a  r i v e r  v e l o c i t y  o f  4.5 f e e t  per  
second. D i f fe rences between t h i s  s e t  v e l o c i t y  and the  ac tua l  r i v e r  v e l o c i t y  cause 
the e l e c t r o n i c s  t o  undercount o r  overcount i n  d i r e c t  p ropo r t i on  t o  the r a t i o  o f  
the v e l o c i t y  s e t  on the  e l e c t r o n i c s  t o  the actual  r i v e r  v e l o c i t y .  I n  order  t o  
develop a  s t a t i s t i c a l  v e l o c i t y  model t o  est imate hou r l y  v e l o c i t i e s ,  and c o r r e c t  
a l l  hou r l y  counts a f t e r  the  season,lake depths were recorded s i x  t imes d a i l y  
a t  the  ADF&G cabin a t  Lake Aleknagik, r i v e r  depth was recorded every 1/2 hour a t  
the  sonar s i t e  as the  arrays were e l e c t r o n i c a l l y  adjusted f o r  r i s i n g  o r  f a l l i n g  
water l e v e l .  Over the course o f  the  season, 66 v e l o c i t y  measurements were made 
a t  a  depth o f  12 inches behind the  inshore  ar ray  us ing  a  pygmy gu r ley  meter. A 
v e l o c i t y  p r o f i l e  f o r  the  Wood River  was made using a  type AA gu r ley  meter. The 



adjusted counts were "cor rec ted"  f o r  hou r l y  r i v e r  v e l o c i t y  changes. The "cor-  
rected"  counts represent  the  t o t a l  counts by hour t a k i n g  i n t o  account a l l  known 
sources of e r r o r .  

A new sfdebscanning sonar u n i t  was u t i l i z e d  du r ing  much of the  pe r iod  o f  
outmigrat ion.  This  system cons is ts  o f  a s ing le ,  narrow-beam (2') t ransducer 
aimed l a t e r a l l y  across the  r i v e r .  Output from the system cou ld  be recorded on 
tape cassettes, paper tape from a fathometer and cou ld  be connected t o  an o s c i l -  
loscope f o r  r e a l  t ime v i s u a l  observat ion.  Observations made from the  side-scanner 
output  were intended t o  a i d  i n  desc r ib ing  smol t  d i s t r i b u t i o n  across the  r i v e r .  
I n  o rder  t o  expand t o t a l  sonar counts t o  c a l c u l a t e  an est imate o f  t o t a l  outmigra- 
t i o n ,  in fo rmat ion  on smol t d i s t r i b u t i o n  was necessary. 

D a i l y  samples o f  smol t  were c o l l e c t e d  w i t h  a f r y  se ine near the  o u t l e t  o f  
Lake Aleknagik. Sample days were from noon (1200 hours) t o  noon o f  the  f o l l o w -  
i n g  day. A 0.5 kg sample was c o l l e c t e d  each n i g h t  dur ing  the  pe r iod  2200 t o  
0300 hours. Each smol t  was measured f o r  fork length  and gross ex te rna l  observa- 
t i o n s  were made f o r  s igns o f  pa ras i t i sm by T. crassus. From each o f  these l e n g t h  
frequency samples, a random subsample of twenty smol t  was made f o r  age-weight- 
l e n g t h  (AWL) data. Each f i s h  i n  t h i s  subsample was measured f o r  f o r k  length ,  
weighed t o  the  nearest  0.1 gram and inspected f o r  evidence o f  T. crassus. Scale 
smears were made f o r  each o f  t he  smol t i n  the AWL samples. ~ e a n  l eng th  was deter -  
mined by we igh t ing  mean lengths  from each sample pe r iod  by the  number o f  sonar 
counts recorded du r ing  t h a t  per iod .  Mean weight  f o r  each age group was ca l cu la ted  
on the  bas is  o f  length-weight  regress ion  ( ~ = a ~ b ) ,  and a c o r r e c t i o n  f a c t o r  t o  e b t a i n  
an unbiased est imate o f  mean weight  (Pienaar and Ricker,  1968). 

RESULTS 

C l ima to log i ca l  Observations 

Table 1 l i s t s  t he  weather observat ions taken a t  the  Wood River  ADF&G cab in  
from May 29 through J u l y  19, 1976. Amount o f  p r e c e i p i t a t i o n  was n o t  recorded 
due t o  inaccuracy o f  t he  r a i n  gauge. Wind speed and d i r e c t i o n  were est imated. 
Maximum a i r  temperatures should be regarded as approximations only ,  s ince  the  
thermometer was l oca ted  i n  a dark-colored enclosure which was exposed t o  d i r e c t  
s u n l i g h t  on c l e a r  days. The water gauge was i n s t a l l e d  i n  a standard l o c a t i o n  
and water depths are, there fore ,  comparable t o  data recorded a t  t h i s  s i t e  i n  pre- 
v ious years. Stream temperatures were taken s i x  t imes d a i l y  a t  the  sonar s i t e .  
Mean d a i l y  water temperatures are shown i n  Table 2 and p l o t t e d  i n  F igure 2. 

Hydro1 ogy 

Figure 3 shows the  bottom contour and v e l o c i t y  p r o f i l e  f o r  Wood River  a t  
the sonar s i t e .  V e l o c i t y  readings f o r  t h i s  p r o f i l e  were taken du r ing  a 2 hour 
per iod  beginning 1 hour be fore  low water.  

A s t a t i s t i c a l  v e l o c i t y  model was developed t o  p rov ide  data on hou r l y  ve lo-  
c i t y  changes necessary t o  c o r r e c t  sonar counts f o r  the  d i f f e rence  between the  
v e l o c i t y  s e t  on the  e l e c t r o n i c  c o n t r o l s  and the ac tua l  r i v e r  v e l o c i t y .  Through- 
o u t  the  season, 66 v e l o c i t y  readings were taken immediately downstream o f  t he  
inshore ar ray .  Since the depth adjustments on the  sonar were checked every 30 
minutes, s u f f i c i e n t  data was a v a i l a b l e  t o  make an i n i t i a l  examination o f  the  
r e l a t i o n s h i p  o f  r i v e r  depth t o  v e l o c i t y .  I t was apparent t h a t  two components of 
depth were a f f e c t i n g  r i v e r  v e l o c i t y :  average d a i l y  r i v e r  depth, and t i d e  stage. 
The e f f e c t s  o f  inc reas ing  l ake  l e v e l  and the r e s u l t a n t  increase i n  mean d a i l y  
r i v e r  depth on v e l o c i t y  became e s p e c i a l l y  apparent dur ing  mid-June. 



Table 1. Weather obse rva t ions ,  Wood River ,  1975. 

Sky P r e c i p i t a t i o n  .- Wiud A i r  Temp O F  Water Guage 
Date AM PM AM PM AM PM Max Min ( inches)  T u r b i d i t y  

NW 5-10 
NW 5-10 
NW 1-5 
NE 1-5 
NE 1-5 
NE 1-5 
Calm 
NE 20-25 
NE 15-20 
NE 1-5 
NE 5-10 
NE 5-10 
NW 1-5 
NW 1-5 
NW 1-5 
Calm 
Calm 
NW 1-5 
Calm 
NE 1-5 
W 1-5 
1114 5-10 
Gi 5-10 

NW 5-10 
NW 1-5 
NW 1-5 
NE 5-10 
NE 1-5 
NW 1-5 
NE 1-5 
NE 20-25 
NE 5-10 
NE 1-5 
NE 15-20 
NE 5-10 
NW 1-5 
NW 1-5 
NW 1-5 
NE 1-5 
NE 1-5 
Calm 
Calm 
NW 1-5 
W 5-10 
W 5-10 
NW 1-5 

Sky Codes : P r e c i p i t a t i o n  Codes: Tu rb id i ty  Codes: 
1 - Clear  sky, cloud covering l e s s  than 10% A - I n t e r m i t t e n t  r a i n  1. Clear  
2  - Cloud covering no t  more than 50% B - Continuous r a i n  2.  P a r t l y  clouded 
3 - Cloud covering more than 50% C - Snow 3. Heavily clouded 
4 - Completely ove rcas t  D - Snow and r a  v' 4 .  Debris 
5  - Fog o r  t h i c k  haze E - Hai l  



Table 1 . (cont inued)  

Sky P r e c i p i t a t i o n  Wind A i r  Temp O F  Water Guage 
Date AM PM AM PM AM PM Max Min ( inches)  T u r b i d i t y  

6 / 2 4  4 4 A B W 5-10 W 5-10 66 4 0 23.4 1 
2 5 L 4 0 0 W 10-15 W 1-5 56 38 22.5 1 
2 6 4 1 0 A E 1-5 E 1-5 6 0 37 22.2 1 
2 7 5 3 A 0 Calm Calm 6 1 4 9 21.3 ' 1 
28 4 4 B B E 15-20 E 20-40 6 1 4 9 21.2 1-3 
2 9 4 3 A A Calm E 10-15 5 8 4 8 22.0 1 
3 0 4 4 A A Calm Calm 5 1 4 3 22.8 1 

Calm 
Calm 
E 10-20 
E 10-20 
Calm 
E 10-15 
Calm 
Calm 
Calm 
Calm 
C a l m  
E 1-5 
Calm 
Cs l lm  
SW 10-15 
Calm 
E 5-10 
Calm 
Calm 

Calm 
Calm 
E 5-10 
E 10-20 
Calm 
E 15-20 
Calm 
Calm 
Calm 
E 15-20 
C a l m  
E 5-10 
Calm 
S 1-5 
S 5-10 
Calm 
E 1-5 
Calm 
C a l m  

Sky Codes: P r e c i p i t a t i o n  Codes: Tu rb id i ty  Codes : 
1 - Clear  sky, cloud cover ing  less than  10% A - I n t e r m i t t e n t  r a i n  1. Clear  
2 - Cloud cover ing  n o t  more than  50% 
3 - Cloud cover ing  more than 50% 
4 - Completely ove rcas t  
5 - Fog o r  t h i c k  haze 

B - Continuous r a i n  2. P a r t l y  clouded 
C - Snow 3. Heavily clouded 
D - Snow and r a  n + 4. Debris  
E - H a i l  



Table 2 .  Mean da i l y  water temperatures recorded a t  sonar s i t e ,  1975. 

Mean Temp Mean Temp. 
Date ( " c )  Date ("C) 

DATE 

Figure 2. Mean d a i l y  w a t e r  ten~peratures,  Wood River sonar s i t e ,  1975. 







During t h i s  per iod,  when the  l a k e  was a t  t he  h ighes t  l e v e l s ,  t h e  h ighes t  t i d e s  
(about 20 fee t )  f a i l e d  t o  reverse the  r i v e r  flow, as they had e a r l i e r  i n  the  
season. 

D a i l y  mean l a k e  depth measurements recorded a t  the  cabin va r ied  i n  a  smooth 
c u r v i l i n e a r  manner. The f i r s t  measurement, taken on May 31 was -9.4 inches. 
These measurements increased g radua l l y  t o  a  h igh  o f  23.5 inches on June 23 and 
then receqed t o  6.7 inches on J u l y  19. T i d a l  in f luence i n  t he  l a k e  was i n  t he  
range o f  , 2-3 inches whereas t i d a l  in f luences caused r i v e r  depths t o  vary by 
several  f e e t  (F igure  4) .  The seasonal f l u c t u a t i o n s  i n  d a i l y  mean l a k e  l e v e l  can 
be descr ibed by t h e  curve: 

2 DL = 2.860 + 1.699 X1 - 0.0357 XI 
where DL = d a i l y  mean depth o f  t he  lake,  measured a t  the  cabin 

C l  I 
XI = t ime i n  days us ing  June 3  = day 1. 

Although d a i l y  mean r i v e r  depth f l u c t u a t e s  more than l a k e  l e v e l  due t o  t i d a l  
f l u c t u a t i o n s ,  i t  i s  apparent from F igure  4  t h a t  i t  c l o s e l y  f o l l ows  the  l a k e  
f l u c t u a t i o n s .  The r e l a t i o n s h i p  o f  mean d a i l y  r i v e r  depth t o  mean d a i l y  l ake  
depth i s  1  inear :  

DR = 8.633 + 0.062 X2 r=0.927, n = 44 
where DR = 2 d a i l y  mean depth of the  r i v e r  

C21 

X 2  = DL = d a i l y  mean l a k e  depth - 

By s u b s t i t u t i n g  the  equat ion f o r  DL ( formula 1)  f o r  X i n  formula 2, an est imate 
- o f  d a i l y  mean r i v e r  depth (DR) can be made, i gno r ing  i d a l  in f luences,  as a  

f u n c t i o n  o f  t ime i n  days. 
Z 

2  
DR = 8.811 + 0.106 XI + 0.002 X i  C33 

where XI = t ime i n  days us ing  June 3  = day 1  

From t h e  sur face s e t t i n g s  i n  the  sonar log,  i t  was determined t h a t  the  t i d a l  
f l u c t u a t i o n s  a t  t he  sonar s i t e  lagged approximately 2  hours behind the  t i d a l  
stage a t  C l a r k ' s  P o i n t  i n  Nushagak Bay. A m u l t i p l e  regress ion  was c a l c u l a t e d  
us ing  the  66 v e l o c i t y  readings as the  dependent va r i ab les  and DR and t h e  t i d e  
( i n  f e e t )  a t  C l a r k ' s  P o i n t  two hours p r i o r ,  as the  independent var iab les .  This  
y ie lded :  

VR = -2.578 + 0.805 X3 - 0.042 X4 
r = 0.6032, n  = 66, p  ~ 0 . 0 1  

where VR = Est imated sur face v e l o c i t y  a t  t he  inshore  a r ray  
X j  = DR ca l cu la ted  i n  formula 3  
X4 = t i d e  a t  C l a r k ' s  P o i n t  two hours p r i o r  

An a d d i t i o n a l  regress ion  was ca l cu la ted  us ing  dummy va r iab les  t o  code f o r  
d i r e c t i o n  o f  t i d a l  movement (ebb o r  f l o o d ) .  Th is  regression f a i l e d  t o  improve 
t h e  r e l a t i o n s h i p  appreciably .  The hou r l y  est imates o f  VR were then used t o  
c o r r e c t  t he  h o u r l y  sonar counts t o  compensate f o r  d i f fe rences between the  veloc-  
i t y  s e t  on the  e l e c t r o n i c s  and the est imated r i v e r  v e l o c i t y .  

Sonar Counting 

The two sonar a r rays  were i n s t a l l e d  i n  the  r i v e r  on June 1. The sonar 
counter  was operated from 2200 t o  0300 (ADT), June 2 through June 11. On June 
12, count ing  began on a  24-hour basis .  A ma l func t ion ing  t r a n s m i t t e r  c r y s t a l  



caused the  system t o  be inopera t i ve  from June 17-21. Once the  c r y s t a l  had been 
replaced, a 24-hour per  day count ing schedule was resumed u n t i  1  the  p r o j e c t  was 
terminated on J u l y  19. 

To est imate f o r  t he  days missed w h i l e  the  counter was inopera t ive ,  the  
r e s u l t s  o f  t h e  n i g h t l y  beach seine sampling were compared t o  the  t o t a l  d a i l y  
counts recorded. Regression o f  beach seine CPUE (kg of smol t per haul ) against  
t o t a l  d a i l y  counts f o r  the  same day y i e l d e d  the  l i n e a r  r e l a t i o n s h i p :  

Y = 15259.2 + 3519.2X 
where X = d a i l y  beach seine CPUE 

Y = est imated d a i l y  counts 
r = 0.5170, n = 30 p ~ 0 . 0 1  
tb= 3.138 p 4 0.01 

Th is  r e l a t i o n s h i p  was then used t o  est imate f o r  t he  outmigra t ion  between June 17 
and 21. 

A t o t a l  o f  862,868 counts were recorded, 528,281 o f  these occurred dur ing  
index hours. D a i l y  counts and index hour counts and beach seine CPUE f o r  the  
cor rec ted counts a re  shown i n  Table 4 and Figure 5. Tota l  index hour counts 
represented 61.2% o f  the t o t a l  counts. The ipdex hour counts var ied  from 13.1% 
t o  91.7% o f  t h e  t o t a l  d a i l y  counts ( i  = 55.7 - 6.9%, p 0.05). O f  t he  season's 
t o t a l  counts, 68.6% were recorded over the  inshore ar ray .  Tota l  d a i l y  c o u n t 7  
over t h e  inshore a r ray  exceeded the  counts over the  of fshore a r ray  on 23 o f  t he  
34 days du r ing  which 24-hour counting was conducted. A nonparametric s ign  t e s t  
i n d i c a t e d  t h a t ,  t h e  d i s t r i b u t i o n  o f  f i s h  as they crossed the  a r ray  was n o t  
random ( p c 0.03) . 
Side Scanning Sonar 

The "side-scanner" was operated f requent ly  throughout the  outmigrat ion.  
From t h e  outset ,  i t  was apparent t h a t  the  i nd i ca ted  d i s t r i b u t i o n  o f  smolt, as 
presented by the  side-scanner e lec t ron ics ,  d i f f e r e d  considerably from t h a t  i n d i -  
cated by the  bottom arrays.  Frequently,  heavy counts were observed over the  
inshore a r ray  w h i l e  the  side-scanner t raced m o l t  schools f u r t h e r  o f f sho re  w i t h  
almost no i n d i c a t i o n  o f  inshore schools. A l a r g e  p a r t  o f  t h i s  v a r i a b i l i t y  can 
be expla ined by the  volume of water sampled by the  s ide  scanner beam w i t h  i n -  
creasing d is tance from the  transducer. The center  o f  t he  inshore ar ray  was 50 
f e e t  from shore. A t  t h a t  distance, t h e  cross sec t ion  o f  t h e  cone-shaped beam 
would be o n l y  20.9 inches, the  volume o f  water sampled over the  inshore ar ray  
was 24.4 cub ic  f e e t .  The o f f sho re  ar ray ,  w i t h  i t s  center  110 f e e t  from shore, 
would have a cross-sect ion o f  46.1 inches and would i n s o n i f y  a volume of 109.5 
cubic f e e t .  Therefore, t h e  p r o b a b i l i t y  o f  a school o f  smolt  being recorded vary 
w i t h  i t s  depth i n  the  water and d is tance from the  transducer. I n  add i t ion ,  t h e  
number o f  t imes a school o f  smolt w i l l  present a t a r g e t  depends on the  d is tance 
from t h e  transducer (and, there fore ,  t h e  s i z e  o f  t he  beam a t  t h a t  d is tance) and 
t h e i r  depth. I n  o the r  words a school swimming very near the  sur face w i l l  cause 
fewer echos than a s i m i l a r  s i z e  school a t  t he  same d is tance bu t  deeper i n  t h e  
water. 

The transducer f o r  the s ide  scanner was manually aimed across the  r i v e r .  
By s t a r t i n g  w i t h  the  transducer aimed a t  the  sur face and moving i t  s lowly  down- 
ward, an at tempt was made t o  achieve as much d is tance as poss ib le  and keep the  
beam j u s t  below the  surface. However, t he  transducer mounts are n o t  designed 
f o r  f i n e  c o n t r o l ,  and depth and angle were roughly s e t  each time. Because o f  



Table 3.  Index hour and t o t a l  d a i l y  cor rec ted  sonar  counts and beach se ine  CPUE ( k q l h a u l ) ,  Wood 
River ,  1975. 

Date 
Index counts (2200-9300 ADT) 

Inshore Off shore Total 
Daily Total (1200-1200 ADT) 

Inshore Offshore Total CPUE 

June 3-4 653 60 713 
4- 5 295 57 3 52 
5- 6 181 49 230 
6- 7 295 4 9 344 
7-8 1,272 1 93 1,465 



Table 3 .  (cont inued)  

Index counts (2200-0300 ADTj Daily Total (13fl0-17M AnT) 
Date Inshore Offshore Total  Inshore Off shore Total CPUE 

June 28-29 
29-30 
30- 1 

Ju ly  1-2 
2- 3 

Total 

11 Includes 57,693 in t e rpo la t ed  counts not included i n  in  shore and o f f  shore t o t a l s .  - 
21 Includes 94,219 in t e rpo la t ed  counts not included i n  i n  shore and o f f  shore t o t a l s .  - 
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the  d i f f i c u l t y  i n  s e t t i n g  the  transducer, i t  was necessary t o  p lace  i t  deeper i n  
t he  water when t h e  t i d e  was ebbing t o  avo id  having t o  r e s e t  i t  f requen t l y .  On a  
f l o o d  t i d e ,  the- t ransducer  was s e t  as h igh  as poss ib le  i n i t i a l l y .  Therefore, 
the  d is tance f rom the  sur face t o  the  son i f i ed  areas were n o t  necessar i l y  c o n s i s t -  
e n t  from day t o  day, o r  from hour t o  hour. V isual  observat ions made a t  n i g h t  
w i t h  a s p o t l i g h t  from a  boat behind t h e  ar rays  i n d i c a t e d  t h a t  sometimes, a t  
l e a s t ,  t he  smol t  a r e  d i s t r i b u t e d  i n  t he  upper few inches o f  water and might  n o t  
be access ib le  t o  the  s ide  scanning sonar. For these reasons, t h e  s ide  scanner 
data was n o t  u t i l i z e d  t o  attempt t o  ex t rapo la te  numbers o f  f i s h  counted over the  
ar rays  t o  est imate t o t a l  f i s h  passage. 

Smol t Samples 

Dur ing t h e  pe r iod  o f  t he  ou tmigra t ion  2,346 smolt  were measured f o r  l eng th  
(snout t o  f o r k  o f  t a i l ) .  Gross ex terna l  observat ions f o r  i n f e c t i o n  by T. 
crassus was made on a l l  smolt. A t o t a l  o f  610 smol t  were used f o r  age-weight- 
l e n g t h  data. 

Examination o f  t h e  smol t  scales c o l l e c t e d  showed a  very h igh  degree o f  
over lap  between t h e  l eng th  d i s t r i b u t i o n s  o f  t he  two age groups. Age I  smolt  
ranged from 68 mm t o  99 nun w h i l e  age 11 smol t  va r i ed  from 74 mm t o  110 mm. 
Determinat ion o f  l e n g t h  frequency and mean leng th  f o r  t he  ou tmigra t ion  was done 
us ing  AWL samples d i v i d e d  i n t o  5  m i l l i m e t e r  l eng th  groups and an adapt ion  o f  a  
method used by Vincent (1969). The AWL samples were d i v i d e d  i n t o  5 mm l e n g t h  
groups. The percent  age I  and age I1 were ca l cu la ted  f o r  each l eng th  group 
(Table 5). A1 1  observat ions below 74 mm were age I .  S i m i l a r l y ,  a1 1  smol t 
l a r g e r  than 99 mm were age 11. The percent  age composit ion f o r  each l e n g t h  
group i n  the  over lap  areas was then app l i ed  t o  s i m i l a r  l eng th  grouping of t he  
l eng th  frequency samples. The r e s u l t a n t  l eng th  frequency d i s t r i b u t i o n  i s  shown 
i n  F igure  6. Weighted mean leng th  f o r  age I  smolt  was 82.5 mn and f o r  age I1 
was 97.9 mm. Mean weight  f o r  age I  smol t  was 5.1 g. and age I1 was 10.1 grams. 

Occurrence o f  T. crassus i n  age I  smolt  examined was 59.9%. Age I1 smol t  
examined showed an i n f e c t i o n  r a t e  o f  47.7%. Figure 7 shows t h e  l eng th  frequency 
d i s t r i b u t i o n s  f o r  smol t  showing ex terna l  evidence o f  T.crassus and those w i thou t  
evidence o f  paras i t i sm.  Length frequency d i s t r i b u t i o n s  o f  smol t  i n f e c t e d  by 1. 
crassus i s  s i m i l a r  t o  non- infected smolt; i n d i c a t i n g  t h a t  - T. crassus may n o t  
have a  de le te r i ous  e f f e c t  on sockeye smol t  growth. 

Outmigrat ion Est imate 

Major peaks i n  d a i l y  counts (F igure  5) demonstrate a  p a t t e r n  s i m i l a r  t o  
t h a t  found d u r i n g  the  e a r l i e r  f yke  n e t  programs. I t  was be l i eved  t h a t  the  major 
peaks i n  d a i l y  ou tmigra t ion  may correspond, genera l l y ,  t o  popu la t ions  o f  smolt  
from d i f f e r e n t  lakes.  Since "break-up" occurs a t  Lake Aleknagek f i r s t ,  i t  i s  
probable t h a t  t he  f i r s t  peak i s  composed p r i m a r i l y  o f  smolt  from t h i s  lake.  
Break-up i s  p rog ress i ve l y  l a t e r  from the  upper lakes and, i n  add i t i on ,  t r a v e l  
t ime f o r  smol t  f rom nursery  l ake  t o  the  smolt  s i t e  i s  undoubtedly p ropo r t i ona l  
t o  t he  d is tance t rave led .  This  phenomenon would probably cause temporal i s o l a -  
t i o n  o f  popu la t ions  o f  smolt  f rom the  var ious  lakes. Emigrat ion p r i o r  t o  break- 
up i s  considered t o  be inconsequent ia l .  

In at tempt ing  t o  a l l o c a t e  numbers o f  outmigrant  smol t  t o  t h e i r  l a k e  o r i g i n ,  
t he  d i s t r i b u t i o n  o f  t o t a l  d a i l y  counts was examined. The f i r s t  peak, assumed t o  
be smol t  f rom Lake Aleknagek began June 12-13 and increased t o  i t s  maximum on 



Table 4 .  Sockeye salmon smolt  age composit ion by l eng th  group from AWL 
samples, Wood River ,  1975. 

Length Age I Age I1 
(mm) No. Percent No. Percent Tota l  

To ta l  526 8 5 
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F i g u r e  6 .  Length f requency d i s t r i b u t i o n  by 5 mm l e n q t h  qrouDs, Wood R i v e r  
smol t, 1975. 





June 14-15. The numbers of smolt counted decreased progressively until  June 16- 
17 (group A ) .  The second group ( 0 )  was composed of several smaller peaks occurring 
between June 17-1 8 and June 30-July 1. On July 1-2, daily counts increased 
greatly,  reaching 56,163 on July 2-3. A1 though the counts dropped sharply on 
July 3-4, t w - d i d  so for  1 day only, r is ing on July 4-5 to  110,915 counts. The 
counts thern<Wireasad gradually through July 10-1 1.  This period (July 1-1 1 )  has 
been called group C. The pattern of rapid increase followed by a decrease over 
more than a s ingle  day was repeated fo r  group D July 11-15 and group E (July 15- 
19) smolt. 

Several character is t ics  of these component groups of migrating smolt were 
examined to t ry  to  s t a t i s t i c a l  ly distinguish differences between the groups. 
Occurrence of T. crassus was essent ial ly  identical for  a l l  lakes (Table 6 ) .  The 
number of Age TI smolt did increase through time, perhaps due to  older f ish from 
the upper lakes. A1 though there are  some differences in the length distribution 
of Age I1 smolt, th i s  may be a resu l t  of the small sample s izes  of th i s  age 
group. The length distribution curves fo r  Age I smolt from groups A through D 
are  essent ial ly  identical.  

Rogers (1975) summarized fry abundance in the Wood River lakes. Rogers did 
not co l lec t  data from Beverly and Kulik and divided Nerka into three sections 
based on tow net resul ts .  Summing population estimates by Rogers fo r  1974 Age 0 
and Age 1 f ry  in Lake Aleknagik yields 10.96 million fry.  Table 5 gives the 
daily counts a t t r ibuted to  Lake Aleknagik (group A )  as 144,114. Lake Nerka 
(BtC) accounted fo r  331,825 counts. Rogers' data from townetting indicated that 
Nerka had 22% more fry than Lake Aleknagik whereas the pattern of smolt outmigra- 
t ion indicated tha t  group B (Nerka) contained 2.3 times as many smolt as group A 
(Aleknagik). Although pattern of smolt outmigration indicates that  separate lake 
systems may be distinguished, there i s  a t  present no supporting data. Future 
work with smolt scales sampled from the various lakes and computerized scale 
analysis equipment may provide a more accurate method of allocating smolt sampled 
a t  Wood River to lake or origin. 

Side-scanner data did not provide quantitative information on smol t d i s t r i -  
bution across the r iver  channel. However, i t  did indicate tha t  few smolt occur 
in the southern 113 of the r iver  channel. 

The total  daily counts for  the period June 12 through July 20 were expanded 
by the f ive  f i sh  per count ra te  as designed into the sonar electronics.  There-. 
fore,  the total  number of smolt enumerated over the two arrays was 4,314,340. 
Each array sampled a distance of 11 fee t  across the r iver .  If i t  i s  assumed 
that  smolt passage occurred only in the northern 220 fee t  of r iver ,  then the 
sonar arrays sampled 10.0% of the r iver .  Any attempt to  expand the 4.3 million 
smol t enumerated over the arrays to account for  the 90.0% of the r iver  not sampled 
leads to  outmigration estimates which are  unreal is t ical ly  high. The escapement 
to  the Wood River lakes was 330,474 in 1973 and 430,602 in 1972. Popla t ion  
estimates of sockeye salmon fry in the Wood River lakes were 28.6 mil 1 ion Age 0 
and 0.2 million Age I f ry  (Rogers, 1975). S ta t i s t i ca l  expansion of the number 
of smolt counted by the sonar gear would yield an estimate exceeding the 1974 
f ry  population estimate. 

As discussed above, the smolt dis t r ibut ion i s  n o t  random across the r iver .  
The inshore array consistently enumerated more smolt than the offshore array. 
Pattern of smolt school distribution was observed to change uniformly during the 
course of a t  l eas t  two nights. In both cases, side scanner information early in 
the evening indicated heavy concentration of smolt inshore. As the night pro- 
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gressed the  pattern moved gradually offshore t o  a point beyond the offshore 
array.  Then gradually i t  sh i f t ed  back toward the north shore. This s h i f t  
could be the r e s u l t  o f  changing current  patterns (surface veloci ty)  due to  
t i da l  f luctuat ions .  However, there  i s  not su f f i c i en t  data t o  explain t h i s  
phenomenon. Although the arrays sampled l e s s  than 10% of the  r i ve r ,  they 
apparently enumerated much more than 10% of the  t o t a l  outmigration. Future 
work a t  Wood River wil l  emphasize determination of smolt d i s t r ibu t ion  t o  allow 
s t a t i s t i c a l  expansion of da i ly  count data ,  and hence provide valid estimates 
of the  t o t a l  number of smolt produced. 
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